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ABSTRACT 


In this paper first we generalizes the Hilbert-Adjoint of a linear operator and 
showed that it is always closed for any linear operator with the condition that 


the domain of the operator is dense. 


We also proved that “Let J be a closed operator defined in H with dense 


domain then D(J*) is dense and J** =]. " 


We also proves Closed graph theorem for complex Hilbert spaces as a 


corollary of our results. 
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INTRODUCTION 
In this Paper we take H as the complex Hilbert space and D(J) 
denotes the domain of a linear operator J. 


In section 1 we generalizes the Hilbert- Adjoint for any linear 
operator with dense domain in H and prove 


“If J is defined everywhere on H. Then its Hilbert-adjoint is 
bounded." 


In section 2 we first define closable operators and show with 
the help of an example that every operator need not closable 
and if it is closable then graph of its closure is equals to the 
closure of its graph. 


In Section 3 we proved our result 
“Let J be a closed operator defined in H with dense domain 
then D(J*) is dense and J** = J." 


As aresult of which Closed graph Theorem for Complex 
Hilbert Spaces comes out as Corollary. 


1 Hilbert-Adjoint 

1.1 Definition: Let /: H ~ H bea bounded operator then its 
Hilbert adjoint always exists [2] and is also a bounded linear 
operator /* defined everywhere on H such that 


Jew) = (pJ*~)VepweuH 
Or 
Jew)=(@n) and Jwp=n(1) 


1.2 Remark: We can use (1) to generalizes the Hilbert 
Adjoint of any operator. 
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1.3 Lemma: Let J: D(J) — H be any operator then /*w = 7 in 
(1) is unique iff 


D(J) =H. (i.e the domain of J is dense in H.) 








Proof: Let J*w =n in (1) is unique. Suppose D (J) =H 
>106=4pn E H such that 
pl DT) => pilD TZ) 

> (¢f) = 0VdE DJ) 


From (1) we have 

Jew) (g,n) +0 

(9,7) + (BH) 

= (on+H)VpeEDU) 


Which contradicts the uniqueness of J: D(J) — H. Hence D(/) 
=H. 
Conversely 


Let the domain of J is dense in H. Then 


(Jou) = (dn) 
(d,n+p)V GE DJ) 
=>(¢,n) = O0VdE DV) 


>pulD J) => 


Hence unique. 


pp 1 D(J) = {0} 


1.4 Remark: Lemma 1.3 shows that Hilbert-Adjoint of any 
linear operator J exists iff the domain of J is dense. Now using 
this Lemma we generalizes the definition of Hilbert-Adjoint 
for any linear operator. 
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1.5 Definition Let /: D(/) — H be any linear operator whose 
domain is dense the its Hilbert-Adjoint exists and is a linear 
operator J*: D(J/*) ~ H such that D(J*) contains all w € H such 


that 4 n with Vep,p) = (@n) V 9 € D(T) and J*p = 7 


Proposition 1.6: Let/ be an operator defined everywhere on 
H.Then j* is bounded. 


Proof: Suppose j/* is unbounded. Then 5 a sequence (vn) each 
of norm 1 and ||} *vn|| > 0 as n > © For each n define a 


functional Pn on H by Pn(@) = U/@,vn) = (@,J*vn) By Schwarz 
Lemma [2] we have 


|Pn(p)| = I(PJ*vn)| 

S|lell[*vall Vp eH 

-. Pris bounded for all n. For each g € H again by Schwarz 
Lemma we have 


|UP,vn)| 


[Pn(p)| = 
< (Vell vn 


Then By Uniform Boundness Theorem [1] the sequence 
||(Px)|| is bounded. 


=> 4K>0 such that 
||Pn|| < KVn 

= (U*vnJ*vn)| = 

S || Pn ||V*vnl| 

< K{[J*val| 

=> |[J*vnl| < KV n 


|PnU*vn) | 


=> the sequence (||J*vn||) is bounded which is a contradiction. 
Hence /* is bounded. 


2. Closed Linear Extension: 
2.1 Definition(Closed operator): An Operator J : D(/) 
— His said to be closed if its graph v(J) = {< p/p >: p € DUD} 
is closed in H x H, where the inner product on H x H is given 
by 

(<@yp><nu>)=(@n) + Wy) 


Notation J is said to be an extension of J if 


DY) < DY) and = J |DU) =J 
or 
v([J) Cc v(J) 
denoted by/c J” 
2.2 Definition (Closable): A linear operator J is said to 


be closable if J has an extension which is closed. 


IfJ is closable then J has a minimal closed extension called 
closure denoted by J.[1] 2.3 Proposition: if] be any closable 
operator then 


vf) =v) 


Proof: Let J be any closable operator => J exists. 
Let L be any closed extension of J 


=>v(J) Cc v(L) 
=>v(J) Cc v(L) 








=> v(J) C v(L) (- Lis closed) 


Define an operator P with domain 


D(P) = {ui< wn >E v()} 


Pu = n 
Claim: P is well defined 


Let 
Pu=ni and 





>< M,N >< yN2> ~~ € 
=><0.m—-m> € v(J) 


= 1 
Hence well defined. Also 








~ 
=, 
bo 
— 
~~ 
—~ 
— 
Nein? 
= 
— 
‘wee 
—— 





u(P) = v(J) 
=>PciL 


As L is arbitrary. Therefore P is a minimal closed extension 
of J 


=>P = J. Hence the result. 


2.4 Remark A natural question arises here that if we want to 
take the closure of any linear operator J then we can take the 
closure of v(/) in HxH then just find a operator 


whose graph is equals to u(/).But this is not always possible 
we constructed an Example 2.5 below. 


2.5 Example: Let H be any separable Hilbert Space with 
countable orthonormal basis {7x}. Let e be an element of H 
which is not a finite linear combination of {nx}. Let 


Ss Crap (22 


e n=1 


Define an operator J: D(J) — H, where 
D(J) = set of all the finite linear combination of {nx} and e and 
N 
J(ae + Xcinx) = ae 
i=1 
Clearly J is linear 
Claim:< ee ><e0 > € v(J) 


As 
e € D(J) and 





><ee> € vJ)Ccvui(J) 
>e,e> E u( J) 





Also, for each N define 
N 

Wn = *cknfkn € DU) and JWn=0VN 
k=1 
=> ||<dn, Jun >-—<e,0>||P = 


><e,0> € v(J) 


Iw — e||° >O0Oasn->o (‘." 








By (2)) 
Suppose J an operator L whose graph is u(J) 

= Le = e and Le = 0. Which contradicts the uniqueness. 
Hence there is no operator whose graph is u(J) 





@IJTSRD | Unique Paper ID -ITJTSRD37914 — | 


Volume-5|Issue-1 | 


November-December 2020 Page 355 


International Journal of Trend in Scientific Research and Development (IJTSRD) @ www.ijtsrd.com eISSN: 2456-6470 


3. Main Results 


Theorem 3.1 Let X: H x HH x H bean operator given by 
X <n >=< W-N > 

. Then for any linear operator J defined in H with dense 

domain we have 


vU*) = [AUF 
Moreover j* is closed 


Proof: Clearly, X is linear. 
Let <n >€ H x H Then J <-y,n >€ H x H such that 
X< HN) 7=s bp 

.. Xis surjective Also 
[WX<np> |I? =||<4-n > ||? 

= [le 11? + [In 

=|l<nu> |I? 

.. Xis a Surjective isometry hence unitary 


Claim: v(J*) = [X(v())]+ 


Let 
<ne>€ [X(vV))]- & (< nu >X< Bp >) =0V pe DU) 
2 (<nu><JP,-~p >) =0V p EDU) 
© <nJp>=<Le>VepeED) 
© <Jen>=<~pU>VpeED) 
=n € Di*),J*n =u 
© <n >E v[J*) 


As the graph is closed. Hence j* is closed 


Theorem 3.2 Let / be a closed operator defined in H with 
dense domain then D(j*) is dense and J** =] 


Proof: As 
u( J) 





lo(J)"]" 

[X?u(J) “ | (s xX? 

= Identity) 

[X(Xu(J)+)]+ (- X is unitary) 

= [Xv(J*)|+(- By Theorem 3.1) (3) 


| 





Suppose D(j*) is not dense. Then 3 0 6= 77 such that 


(n,o) = OVGED( JS) 
=> (n,¢)+(0,Jb) = 0VGE DI) 
>(<7,0>,<¢,Jo>) = 0VGED(J) 
=><-7,0> € [D(J*)]- 
><0,n> € [Xv(J*)]- 





= (J) 


As n 6= 0 then there is no linear operator with graph vu(J). 
which is a contradiction to J is closed. 


-. D(U*) is dense => J** exists. Then from Theorem 3.1 and (3) 
we have 
uY™*) = [XuY*)]*= 0) 
==" 
Corollary 3.3:(Closed graph Theorem) A closed operator J 
defined everywhere on H then J is bounded. 


Proof: As J is a linear operator defined everywhere on H. 
Then /* exists and By Proposition 1.6 it is also bounded. 


Also By Theorem 3.1 we have J* is closed > D(J*) is closed 
[2]. By Theorem 3.2 we have 


ioe = 
DJ") = H 
andj/* *=J 


= J*is defined everywhere on H. 
Then again By Proposition 1.6 we have j** is bounded 
Hence J is bounded 
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